The OH-He complex has been observed using laser excitation of the A 2 ⌺ + -X 2 ⌸ transition. The bands of the complex were close to the monomer rotational lines that terminate on the n =0, 1, and 2 levels of OH͑A͒. The unresolved band associated with He·OH ͑A , n =0͒ was redshifted from the OH parent line by 1.6 cm 
INTRODUCTION
Binary complexes of the OH radical with the rare-gas atoms Ne, Ar, and Kr have been the subject of many experimental and theoretical studies. [1] [2] [3] [4] [5] [6] [7] Experimental studies of OH-He have not been reported to date, in part due to the very weak nature of the van der Waals bond. However, the recent investigations of open-shell species in He droplets 8 and the prospect that OH may be a suitable prototype for cooling to ultralow temperatures, 9, 10 have stimulated a new interest in the OH + He interaction potential-energy surfaces.
Ab initio potential-energy surfaces have been calculated for OH͑X 2 ⌸͒ +He ͑Refs. 11-13͒ and OH͑A 2 ⌺ + ͒ + He. [12] [13] [14] The earlier versions of these surfaces were used to predict rotational energy-transfer cross sections. 11, 14, 15 More recently Lee et al. 12 have performed high-level calculations for OH͑X , A͒-He that focused on the characterization of the van der Waals wells. Consistent with the results for other OH-Rg complexes, the calculations predicted linear OH-He equilibrium structures with well depths ͑D e ͒ of 27 and 121 cm −1 for the X and A states, respectively. Bound-state calculations 12 yielded bond dissociation energies ͑D 0 ͒ of 6.04 and 7.12 cm −1 . These results reflect an unusual situation where the zero-point energy is a very large fraction of D e . Furthermore, although the ground-and excited-state well depths are appreciably different, the large zero-point energies are such that the binding energies of OH͑X͒-He and OH͑A͒-He are quite similar. Given the magnitudes of the interactions, Lee et al. 12 noted that "As the most weakly bound of the Rg·OH family of complexes, spectroscopic studies on this system will be challenging. Even if all the vibronic bands can be observed and assigned, the weak bonding of this complex makes it unlikely that there will be a sufficient number of bound states to develop an empirical potential for either the X or the A state of He·OH." However, the experimental observation of the complex should provide data that can be used to assess the quality of theoretical potential-energy surfaces.
In the present work we report spectroscopic detection of OH-He via the A 2 ⌺ + -X 2 ⌸ 3/2 transition. A bound level of OH͑A͒-He that correlates with nonrotating OH͑A͒ was observed, along with metastable levels associated with the first two rotationally excited levels of OH͑A͒. Scattering resonance calculations were performed to assign the resonances and test the A state potential energy surface of Lee et al.
12
EXPERIMENT OH-He complexes were formed in a free-jet expansion and detected by laser-induced fluorescence ͑LIF͒. The apparatus used for this work has been described previously. 16 HNO 3 vapor was entrained in He by passing the carrier gas over the surface of concentrated nitric acid. This gas mixture was expanded through the 0.7-mm orifice of a pulsed valve ͑General Valve, Series 9͒, operated at a repetition rate of 10 Hz with a pulse duration of 1.3 ms. OH radicals were formed just beyond the nozzle orifice by 193-nm photodissociation of HNO 3 . The best yield of OH͑X͒-He was observed with a source pressure of 40 atm, which was the highest pressure that could be used with the available equipment.
The beam from a pulsed tunable dye laser crossed the expansion approximately 1 cm from the nozzle orifice. Excitation of the OH A-X 0-0 band region ͑306.9-308.1 nm͒ was accomplished using the frequency-doubled output from a tunable dye laser. The LIF was dispersed by a 0.25-m monochromator and detected by a photomultiplier. The monochromator was used primarily as a bandpass filter. A slit width of 6 mm, corresponding to a bandpass of 12 nm, was used. The monochromator was set to monitor the resonant emission band. 
RESULTS AND DISCUSSION
The notation used to describe the properties of OH-He is as follows. 17 Lower case quantum labels are used for OH while upper case labels are given for states of the entire complex. Only the lowest energy levels of the OH͑X 2 ⌸͒ ground state are significant for the results reported here. These are the j =3/2 and =3/2 levels, where j is the total angular momentum and is the unsigned projection of j on the diatomic axis. The A 2 ⌺ + state of OH is characterized by n, the rotational angular momentum and j, the total angular momentum. The diatomic properties are well defined in the complex and the diatomic angular momentum is quantized along the Jacobi axis ͑R, defined by the line from the OH center of mass to the He atom͒. Hence, states of OH͑X͒-He are labeled by P, the unsigned projection of j on R, and j, the total angular momentum. For OH͑A͒ the spin is weakly coupled to the rotational motion. Consequently the states of OH͑A͒-He are defined by K, the unsigned projection of n on the Jacobi axis, N, the total angular momentum excluding spin, and J.
The A-X spectrum of jet-cooled OH is dominated by the lines that originate from the P =3/2 levels. The spin splitting of the upper state was not resolved in the present study, so the monomer spectrum exhibited three intense features corresponding to the P 1 ͑3/2͒, Q 1 ͑3/2͒ + Q P 21 ͑3/2͒, and R 1 ͑3/2͒ + R Q͑3/2͒ rotational lines. These transitions access the n = 0, 1, and 2 levels of the excited state. As expected, the transitions of the OH-He complex were observed near to ͑and overlapped by͒ the monomer lines. Figures 1-3 show the spectra associated with the n = 0, 1, and 2 states of OH͑A͒-He and OH͑A͒. The monomer lines are very wide in these traces as they are far off scale. Figure 1 shows the unresolved feature associated with OH͑A͒, n = 0. The maximum of this band is redshifted by 1.6 cm −1 relative to the monomer P 1 ͑3/2͒ line. The complex features associated with n = 1 are shown in Fig. 2 . These were the strongest and best-resolved features of the OH-He spectrum. However, the n = 2 features shown in Fig. 3 also exhibited partially resolved structure.
Given that the binding energy for OH͑A͒-He is predicted to be just 7 cm −1 , the states of the complex associated with n = 1 and 2 must be long-lived scattering resonances. Scattering calculations were performed to interpret the structures shown in Figs. 2 and 3. As the spin is weakly coupled in OH͑A͒-He, the complex was treated as a closed-shell system using the MOLSCAT scattering code of Hutson and Green. 18 The diatomic bond length was held fixed and the two-dimensional potential-energy surface of Lee et al. 12 was used in the calculations. This surface was fit to the polynomial expansion 
where is the angle between R and the diatomic axis and P ᐉ ͑x͒ is a Legendre polynomial. The angle is defined to be = 0 for linear OH-He. The radial coefficients were represented as a three component exponential equation of the form
The fitted expansion coefficients are given in Table I . The close-coupled equations were solved using the diabatic logderivative method of Manolopolous. 18 The integration was preformed over the range from R = 2 to 20 Å and the rotational basis set included the n = 0-6 rotational levels of OH. The diatomic rotational constant was set to the experimental value of 16.96 cm −1 . Scattering resonances were located by plotting the eigenphase sum ͓␦͑E͔͒ against the collision energy E. The line center and width for each resonance were determined by fitting the derivative of the eigenphase sum ͓d␦͑E͒ /dE͔ to a Lorentzian function. Figure 4 shows an example of the N = 1 resonances associated with OH͑A͒, n =2, with fitted Lorentzian curves. Table II lists the line centers and widths for all of the resonances located for N = 0-3. There are a few aspects of these results that are worthy of comment. First note that the resonances associated with n = 1 can be readily grouped into states that belong to the K = 0 and K = 1 manifolds ͑i.e., K is a reasonably good quantum number for these states͒. The widths of the K = 0 resonances are greater than those for K = 1 because the diatomic rotation takes place with the He atom in the plane of rotation for K = 0. This is the most favorable configuration for rotational predissociation of the complex. Similar results have been reported for the scattering resonances of He-HF ͑j =1͒. 19, 20 Formally the resonances associated with OH͑A͒, n = 2 belong to manifolds with K = 0, 1, and 2. However, rotation of the complex mixes states that differ in K via Coriolis coupling. The n = 2 resonances listed in Table II cannot be grouped into patterns that would be consistent with well-defined values of K, indicating the presence of strong Coriolis mixing. The N = 0 resonance is unique in that it must correspond to K = 0 and it has the largest width for this group ͑again due to in-plane rotation of the OH͒. The data presented in Table II were used to simulate the OH-He spectrum. For the initial calculations it was assumed that the transitions originate from the lowest-energy rotational level of the ground state, which is J =3/2, P =3/2 + . The rotational selection rules ⌬J = 0 , ± 1 then provide access to the upper-state levels with J =1/2,3/2, and 5/2, which is equivalent to N = 0, 1, 2, and 3. The intensities of the transi- 4. An example of the results from the scattering resonance calculations for the N = 1 states of OH͑A͒ , n =2+He. The points are the derivatives of the eigenphase sum, calculated at intervals of 0.02 cm −1 . The smooth curve was obtained by fitting a pair of Lorentzian functions to the data points. The energy scale is relative to the OH͑A͒ , n =0+He asymptote. The energies are given in units of cm −1 . They are relative to the energy of the OH͑A͒ n =0+He asymptote. The resonance widths ͑in cm −1 units͒ are given in square brackets below the energies.
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tions were assumed to be inversely proportional to the widths of the resonances. No attempt was made to estimate the rotational line strength factors. Lastly, the theoretical spectrum was convoluted with a Gaussian function to account for the instrumental resolution. The width of the Gaussian was determined by fitting to the lines of the OH monomer. The lower traces in Figs. 2 and 3 show the results of these calculations. For n = 1 the simulation is in reasonably good agreement with the experimental data. It is evident that the features on the low-and high-frequency sides of the monomer line are the K = 0 and K = 1 bands. Note that the energy axis for the simulation was determined by aligning the K = 1 features with the experimental spectrum. The simulation for the n = 2 group is compared with the experimental data in Fig. 3 . Here it can be seen that the gross features of the spectrum were reproduced, but the predicted position of the second N = 2 resonance was 1.2 cm −1 below the observed feature for the best overall energy alignment of the traces. The bound-state levels of OH͑X͒-He were predicted by Lee et al. 12 Simulations that included transitions from rotationally excited levels of the complex did not improve the level of agreement between the observed and calculated spectra. These results indicated that transitions from the rotationally excited levels did not contribute additional resolvable structure in the spectrum.
The calculations of Lee et al. 12 predicted that the transition from OH͑X͒-He J =3/2, P =3/2 + to A , n =0, N =0 should be redshifted from the monomer P 1 ͑3/2͒ line by 12 yielded an effective rotational constant of BЈ = 0.3695 cm −1 for these levels. Unfortunately, we could not evaluate this prediction as the rotational structure of the n = 0 band was almost completely obscured by the monomer P 1 ͑3/2͒ line ͑cf. Fig. 1͒ .
Looking in a little more detail at the n = 1 group, it is apparent that the calculated splitting between K = 0 and K = 1 bands has been overestimated by 0.6 cm −1 . This splitting is primarily determined by vibrationally averaged value of the V 2 potential parameter. 17, 20 The discrepancy indicates that the ab initio calculations overestimate the contribution of V 2 by about 10% over the range of radial separations sampled by the zero-point motion. For the n = 2 group the discrepancy in the separations of the N = 2 resonances is more difficult to interpret. No doubt the error in V 2 is a contributing factor, but the interplay between this defect and the strong Coriolis interactions among this group of resonances results in a complex relationship between the potential energy parameters and the calculated splitting patterns.
Overall, the agreement between the observed and calculated properties of the OH͑A͒-He indicates that the potential energy surface of Lee et al. 12 is realistic. The bound states and scattering resonance energies are predicted with relative errors of 10% or less. As noted by Lee et al., 12 the A state is unusual in that the zero-point energy takes up 94% of the total well depth. The present study provides supporting evidence that this is a correct picture. A shallower surface, such as that for the average potential for OH͑X͒-He, would not have sufficient anisotropy at long range to produce the splittings seen in the resonance structure. While the present study does not provide much information concerning OH͑X͒-He it does confirm the prediction that the ground state potential supports a few bound levels. It is reasonable to assume that the accuracy of the ground-state potential of Lee et al. 12 is at least as good as their results for the A state.
